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Some advantages of allosteric regulation: 

•Increased binding efficiency to target RNA 

•Improved yield of topological^ linked lasso-target complexes 

•Increased specificity of lasso-target interaction 
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RNA Lassos 

• catalytic RNA molecules that are designed to hybridize to 
target RNAs and ligate around the target RNA, creating a 
topological^ linked complex 

• contain a catalytic hairpin ribozyme (HPR) domain and a 
target hybridization domain 
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Lassos can exist in both "linear" and "circular/ ligated" forms 
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BACKGROUND OF THE INVENTION 

[0001] RNA Lassos are catalytic RNA molecules designed to hybridize to target 

RNAs and ligate their ends together, creating a circle topologically linked (Lasso) around 
the target RNA or DNA (Fig. 1). Topologically linked complexes provide superior 
stability and specificity over currently available antisense agents and hybridization 
probes. RNA Lassos can be employed either to inhibit the biological function of target 
RNA (and DNA) molecules or as probes for detecting the presence of particular 
sequences associated with a disease. Lasso-target complexes can specifically inhibit gene 
expression by physically blocking translation of the target RNA, by preventing RNA 
processing, or by regulating splicing. RNA Lassos can be delivered to cellular targets 
directly as in vitro transcripts; alternatively, they can be expressed in situ using plasmid 
DNA or viral vectors. Where self-ligation of RNA Lassos is made dependent on target- 
binding, Lassos can also be used for detecting the presence of particular polynucleotide 
sequences, for example through rolling circle amplification of the circularized Lasso 
sequence. 

[0002] The first generation of RNA Lassos (originally called RNA Padlocks), 

consisting of self-circularizing hairpin ribozymes and rationally selected antisense 
sequences, have been successful in inhibiting gene expression in several model systems 
(Johnston et al., 2000, 2002; Seyhan et al., 2001). Use of all types of antisense agents is 
complicated by the lack of convenient, reliable methods for selecting effective targeting 
sequences. Commercialization of antisense-based technologies would be greatly aided 
by development of efficient, rapid methods for the selection of optimal gene inhibitors 
from nucleic acid libraries. In the case of Lassos, efficacy would also be aided by a 
design that maintains Lassos primarily in the linear form until they hybridize to the target 
mRNA, after which they circularize around the target. 

Antisense technology: problems and perspectives. 

[00031 Over the past 25 years, antisense oligonucleotides (Lichtenstein & Nellen, 

1998; Stein & Krieg, 1998) and nucleic acid ribonucleases (ribozymes and 
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deoxyribozymes) (Rossi, 1999; Opalinska & Gewirtz, 2002) have been successfully used 
for artificial suppression and regulation of gene expression through the targeting of 
messenger or viral RNAs. Quite recently, a new approach using siRNAs (small 
interfering RNAs) has been used as well (Tuschl, 2002; Zamore, 2002), Thus far, siRNA 
seems to be the most effective, robust and generally reliable method of translation 
inhibition, but optimized antisense compounds and nucleic acid ribonucleases can also 
act as efficiently as siRNA (Braasch & Corey, 2002; Opalinska & Gewirtz, 2002). 
[0004] siRNA, antisense agents and ribozymes all can inhibit specific gene 

expression at the post-transcriptional level involving sequence specific interaction with 
the target RNA molecules. The RNA interference appears to be more potent and efficient 
than the other strategies (Jiang & Milner 2002; Aoki et al, 2003). The effectiveness of 
siRNA is also believed to be less dependent on the accessibility of its target sequence 
than antisense and ribozyme agents (Paddison & Hannon, 2002). However, there is 
growing evidence that the siRNA efficacy correlates with the target site accessibility and 
is strongly dependent on position and sequence of this site (Hohjoh, 2002; Holen et al., 
2002; Jiang & Milner 2002; Shi, 2003). Moreover, some RNA targets (including highly- 
structured RNA, short-living transcripts and viral RNA with high mutation rates) appear 
to be poor targets for siRNA (Kitabwalla & Ruprecht, 2002; Paddison & Hannon, 2002; 
Shi, 2003). Also, the optimized antisense agents and antisense RNA can also act as 
efficiently as siRNA at the same targets albeit not always at the same target sites (Al- 
Anouti & Ananvoranich, 2002; Braasch & Corey, 2002; Opalinska & Gewirtz, 2002; 
Vickers et at., 2003). RNA lassos, which can bind to the target stronger than ordinary 
antisense RNA, can attack less accessible targets and block them through antisense 
mechanism, and also can potentially induce specific RNA interference by forming short 
RNA-RNA duplexes similar to siRNA structures. Therefore we are interested in 
developing library-based strategies to select the optimal RNA inhibitors among RNA 
lassos and siRNA. 

[00051 hi contrast to siRNA and nucleic acid ribonucleases that are presumed to 

inhibit translation through cleavage of their targets, the mechanism of action of antisense 
agents is not well understood and may actually have little to do with RNase H-assisted 
cleavage of RNA targets as has long been assumed (Probst & Skutella, 1996; Toulme, 
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2001; Braasch & Corey, 2002). In fact, many efficient antisense agents function mainly 
via steric blocking of the translation machinery rather than RNase H-mediated cleavage 
(Probst & Skutella, 1996; Stein, 2000; Toulme, 2001). There is evidence that translation 
inhibition by antisense agents is not always a result of lowering the levels of target 
mRNA (Probst & Skutella, 1996). In addition, cleavage of mRNA targets would limit 
some potential applications of antisense molecules. One such application is the targeting 
of intron-exon splice junctions so as either to induce a specific alternative splicing event 
or to prevent the maturation of hnRNA to mRNA (Taylor et al., 1999; Mercatante et al., 
2001). Antisense molecules that do not induce cleavage of their targets can also be used 
as imaging agents for detecting and monitoring gene expression (Pan et al., 1998; 
Tavitian et al., 1998). An additional benefit of non-cleaving agents is that they can be 
used for hybridization-based diagnostics, microarrays and affinity capture applications. 
[0006] The need for antisense agents that are more potent, selective, robust and 

reliable is widely recognized, and has led to the development of new agents with higher 
binding affinity and selectivity as well as schemes for their selection using sequence 
libraries (Sohail & Southern, 2000). It appears that the affinity of antisense sequences for 
their target sites (Walton et al., 1999) and the hybridization kinetics of binding (Patzel & 
Sczakiel, 2000) are the most important factors in the efficacy of antisense agents. 
Recently, several new nucleic acid derivatives have been developed to generate strong 
target-binders that do not result in cleavage of the target RNA, including N3 f -P5 f 
phosphoramidates, morpholino phosphorodiamidate, 2 , -Omethoxyethyl and 2'-fluoro, 
arabino-nucleic acid (Toulme, 2001; Braasch & Corey, 2002). However, all of these 
nucleic acid molecules are artificial and, therefore, cannot be expressed by transcription, 
which is a very good way of providing high intracellular concentration-efficient 
translation inhibition. DNA and RNA may have less stability in vivo than their 
chemically modified derivatives, but they both can be efficiently and systemically 
expressed in situ from appropriate plasmid DNAs or viral RNA vectors. Moreover, RNA 
is advantageous over DNA for the following reasons: it can be more efficiently expressed 
in cells (e.g., using the U6 promoter) than DNA (Noonberg et al., 1994), RNA-RNA 
complexes are more stable than DNA-RNA (Roberts & Crothers, 1992), and RNA-RNA 
complexes are not substrates for RNase H-mediated cleavage. 
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[00071 We have developed a new class of antisense agents using only natural 

RNA. These agents have the ability to form extraordinarily stable complexes with target 
RNAs in vitro and in vivo and eventually could be engineered to be delivered in vivo by a 
viral vector. The concept of using RNA as a therapeutic agent seems unusual (because of 
"RNA instability" dogma), but it has already been proven to be quite efficient (Sullenger 
& Gilboa, 2002). 

Padlocks, clamps and RNA Lassos. 

[0008] RNA Lassos are RNA molecules that can adopt either a linear (open) or a 

circular (closed) conformation (Fig. 1). They contain an antisense sequence embedded in 
a structure that, upon hybridization to a complementary target mRNA, links the ends of 
the Lasso. Because of the helical nature of nucleic acid duplexes, a circularized Lasso 
will be wound around the target strand, topologically connecting two polynucleotides 
through catenation. This approach is similar to earlier developed DNA clamps 
(Gryaznov & Lloyd, 1998) and DNA padlocks (Nilsson et aL, 1994; Baner et aL, 2001) 
that can form covalent linkages whenever their ends are brought into juxtaposition by 
hybridization to target polynucleotide. But in contrast to these constructs, the topological 
linkage can be achieved without either the addition of an exogenous protein ligase as was 
done for DNA Padlocks or without using terminal, non-nucleotide reactive groups 
attached to the ends of DNA clamps. Instead, we used a different type of the clamp 
comprised of natural RNA sequences: a self-ligating hairpin ribozyme (HPR) having 
distinctive loop-and-stem structural domains (Fig. 2). As previously demonstrated, any 
one of the loops 1-3 can be used for introduction of additional or modified nucleotides 
without appreciable perturbation of the catalytically-active structure of HPR (Feldstein & 
Bruening, 1993; Komatsu et aL, 1994; Berzal-Herranz & Burke, 1997; Kisich et aL, 
1999; Fedor, 2000). 

[00091 We reasoned that attaching an antisense sequence adjacent to the ribozyme 

core would allow it to pair with a target mRNA, intertwining the two RNAs. The ends 
would then refold into the HPR native structure and undergo self-ligation, creating a link 
between the RNAs that would have the strength of covalent bonding. Thus, we used the 
ribozyme for a novel purpose-not to cleave the target but to ligate an inhibitor around it. 
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[0010] To make the ligation target-dependent, we employed allosteric regulation 

(Porta & Lizardi, 1995; Tyagi et al., 1995; Shih et al., 1996; Asher , 1998; George et 
al., 1998; Robertson & Ellington, 2000) by introducing a "sensor** inhibitory 
oligonucleotide sequence partially complementary to either the ribozyme or substrate 
domain, as well as to the target sequence. The presence of this inhibitory sequence 
suppresses the catalytic activity of the RNA in the absence of the target. . The sensor 
sequence is designed so that it hybridizes more strongly to the complementary target 
sequence than to the enzyme sequence. Upon binding of the ribozyme to the target, the 
catalytic domain becomes unmasked, and becomes active both as a nuclease and ligase. 

RNA Lassos form strong complexes with their targets. 
(001 1 ] The previously studied RNA Lasso, ATR1, comprised of a hairpin 

ribozyme (HPR) core and antisense sequences, was designed to bind to a site in the 
coding region of mouse tumor necrosis factor alpha (TNF-a) (Johnston et al., 1998). 
[0012] Following our standard Lasso preparation protocols, the 1 33-nt precursor 

ATR1 (R2) was transcribed from the appropriate PCR-made DNA template. Self- 
processing of pre-ATRl, which has two internal cleavage sites, by the hairpin ribozyme 
resulted in semi- (R3a, R3b) and fully processed (R4) RNA species as well as Rl, which 
is the covalently closed, circular form of R4. The lowest electrophoretic mobility of Rl 
corresponds to a known feature of circular RNA molecules: they migrate in denaturing 
PAGE more slowly than do their linear forms (Feldstein & Bruening, 1993; Feldstein et 
al., 1997). The interconverting linear and circular forms of ATR1 were gel-purified and 
tested with the TNF targets in the gel-shift assays. In control experiments, we used AT 
RNA, which lacks the ribozyme domain but retains the anti-TNF antisense sequence, and 
Ml 01 Lasso containing the hairpin ribozyme core but lacking the anti-TNF sequence. 
For the binding experiments we used two target RNAs, containing either the first 1 105 nt 
(TNF1) or the first 709 nt (TNF2) of the TNF-a mRNA. We demonstrated that ATR1 
and TNF1 RNAs could form very strong complexes that were stable enough to be 
detected by the denaturing PAGE, whereas a complex formed between AT RNA and 
TNF1 dissociated under the electrophoresis conditions. As expected, no complex 
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formation was detected between ATR1 and TNF2, which lacks the site complementary to 
anti-TNF sequence of ATR1 , as well as between M101 RNA and both TNF targets. 
[00131 We found that unprocessed and semi-processed forms of ATR1 and other 

first-generation RNA Lassos hybridize with their targets faster than the interconverting 
linear and circular forms of fully processed Lassos. The circular and linear form of 
hairpin ribozymes are known to have similar structures, where the RNA ends are held in 
close proximity to each other by multiple secondary bonds within the catalytic core 
(Fedor, 2000; Rupert & Ferre-D'Amare, 2001). We suggested that the better 
hybridization properties of the open Lasso forms might be provided by their looser 
secondary structures and the presence of free ends that could easily rotate upon binding to 
the long target. Therefore, we decided to develop second generation Lassos that would 
be maintained primarily in the linear form until they hybridize to the target, and would 
then circularize around the target. 

[0014] ATR1 complex formation and dissociation was compared in buffers 

containing and lacking 20% formamide (Figure 3). Comparison of complex formation 
with ATR1 with and without formamide shows that two discrete gel mobility shifts are 
observed when there is no formamide in the incubation buffer. When 20% formamide is 
included in the buffer, only the slower migrating species is observed. In the 0% 
formamide reaction, the upper band selectively disappears after incubation at 65°C, 
which coincides with the appearance of the non-circular species of lasso. After 
incubation at 80°C, the entire lower complex band is dissociated, which coincides with 
appearance of the circular lasso species. Therefore, the lassos-target complexes have 
different gel-mobilities depending on whether they are linear or circular, and the 
complexes with circular lasso are more stable than complexes with the open forms of the 
lasso. 

[0015] One of the second generation Lassos was ALR229 (Fig. 4). The hairpin 

ribozyme core of ALR229 was modified to match the 6-nt sequence found in the selected 
target sequence, resulting in internal complementarity between part of the antisense 
sequence and the ribozyme cleavage/ligation site. This causes misfolding of the 
ribozyme, inhibiting self-processing and circularization in the absence of target. Upon 
binding to the target, the inhibitory sequence is displaced and the Lasso can circularize. 
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Even without optimization of the allosterically regulated elements, ALR229 was shown 
to be superior over ATR1 . 

Lasso RNAs can block ribosome scanning and translation more efficiently than 
antisense RNA. 

1001 61 After demonstration of enhanced complex stability between the ATR1 

Lasso and TNF target, we tested how well this complex was able to block either ribosome 
scanning of the 5'-UTR (untranslated region) of TNF-a mRNA, or translation elongation 
in vitro. For this test, we fused the 20-nt TNF target sequence to a luciferase reporter 
gene and attached a T7 RNA polymerase promoter upstream to create a T7-TNF-Luc 
cassette. We inserted this cassette into pGL3 Vector (Promega). Run-off transcription of 
this construct produced a target T7-TNF-Luc RNA that was then pre-hybridized with 
either ATR1 Lasso or AT antisense molecule, and was finally provided as a template for 
translation using a rabbit reticulocyte lysate (Promega). Luciferase activity assays 
revealed that, for an optimal ATR1 /target molar ratio of 30:1, ATR1 provided 98% 
knockdown of the translation, whereas AT was ineffective. Even higher inhibition 
efficacy (99%) was observed in this translation system for ALR229 Lasso at 20:1 Lasso- 
/target ratio, even without pre-hybridization with the target (data not shown). 

Lasso efficacy in cultured cells, 

[0017] To assess Lassos efficacy in cultured cells, we delivered the RNA Lassos, 

complexed with the cationic lipid LipofectAMINE (Life Technologies/Invitrogen), to a 
macrophage-like cell line, RAW264.7, testing for their ability to inhibit TNF-a secretion 
following stimulation of the cells with lipopolysaccharide, LPS (Sigma). Four different 
Lasso constructs (including ATRland ALR229) targeted to different sites on the TNF-a 
mRNA (including both 5'-UTR and coding sequences) were tested. A Lasso construct 
(M101), lacking any sequence complementary to TNF-a mRNA, was used as a negative 
control. The TNF accumulation in the media was determined by ELISA assay during the 
interval 4 to 8 hours after stimulation with LPS at different doses of RNA Lassos (data 
not shown). Here ALR229 was revealed to be the most effective, inhibiting TNF 
secretion by 90% at a level (10 ng) that caused no nonspecific toxicity (IC 50 of 46 nM). 
NO inhibition of secretion was observed with Ml 01 at similar levels. The inhibitory 
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activities of the RNA lassos were evident for at least 24 hours after stimulation. In other 
experiments in which multimers of ALR229 were delivered through a cytoplasmic viral 
vector based on Semliki Forest Virus (SFV), about 95% inhibition was seen (data not 
shown). 

[0018] Thus, there is evidence that Lassos are more effective than ordinary 

antisense RNAs both in hybridization and in vitro translation experiments. Also, the 
Lasso approach permits — for the first time — the successful antisense inhibition of gene 
expression by antisense sequences targeted to coding regions of mRNAs in the absence 
of direct target cleavage. The Lassos' efficacy could also be aided by an optimization of 
allosterically regulated Lassos that provides fast hybridization of the open, linear Lasso to 
the target followed by the Lasso circularization around the target. 

SUMMARY OF THE INVENTION 

[0019] We describe novel agents for gene inhibition that have certain advantages 

over ordinary antisense, ribozyme and RNAi approaches. Allosterically regulated RNA 
Lassos hybridize to and become topologically linked with complementary RNA targets, 
creating complexes that effectively block translation. Effective lasso inhibitors can be 
efficiently derived from specially prepared libraries containing only sequences 
represented within a defined set of targets. 

[0020] Allosterically regulated ribozymes typically contain a "sensor" element 

that requires specific interaction with an effector molecule to activate (or inactivate) 
catalytic activity toward a substrate (Figure 5). Such ribozymes can be used for 
detection of a target molecule, where the target plays the role of effector. In one design, 
an internal base-pairing interaction blocks ribozyme catalysis, and binding of the target 
competes away this interaction to activate catalysis (Figure 6). Such competition may 
significantly increase the specificity of target recognition. This is supported by recent 
reports of the high selectivity of oligonucleotide probes containing self-complementary 
elements to single-nucleotide mismatches or deletions (Li et al., 2002; Bonnet et al., 
1999) that suggest that even single-nucleotide mutation (SNP) discrimination is possible. 
[0021] The use of a ribozyme that efficiently catalyzes phosphodiester bond 

formation allows for target-dependent self-circularization. Circularization has several 
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attractive features: increased resistance of RNA to nucleases, stronger binding around 
biopolymer targets through topological linkage, and the potential to selectively amplify 
even trace amounts of circularized species by rolling circle amplification or RT-PCR. 
[00221 Here we describe a new class of RNA Lassos that are capable of target- 

dependent circularization around RNA targets. RNA Lassos contain an antisense 
sequence attached to a hairpin ribozyme domain that can adopt either a linear or circular 
conformation. Allosteric regulation was achieved by introducing sensor sequences that 
bind to a Lasso terminal sequence, preventing self-processing and circularization of the 
Lasso prior to hybridization with the target RNA. Upon binding to the target RNA, the 
terminal sequence is released from the sensor sequence, allowing self-processing and 
ligation of the ends around the target. The resulting topologically linked complexes 
provide greatly increased binding strength and sequence specificity compared to ordinary 
antisense RNAs. We have also developed a library-based method to simultaneously 
optimize both sensor and antisense sequences for efficient binding of different targets. 
[0023] Also, a novel approach is described that, starting with libraries of RNA 

Lassos, provides simultaneous selection of both accessible target sites and optimal design 
of the Lasso so that circularization is dependent on prior hybridization to the target. 
[0024] Individual species of the proposed RNA Lasso libraries differ from one 

another in two ways. They contain antisense sequences complementary to different 
segments of the mRNA target, and they also differ in the sequence of the circularizing 
moieties, which are partially randomized derivatives of the hairpin ribozyme. The 
antisense sequences constitute a "directed library," which contains all sequences of a 
given length contained within the targeted gene (or genes), rather than a completely 
random library (Figure 7a). Directed libraries are of much lower complexity than fully 
random libraries, allowing coverage of all possible sequences with substantial 
redundancy of each species. Circularization of Lassos is regulated by introducing 
inhibitory sequences partially complementary to the hairpin ribozyme core, thus 
preventing the ribozyme from folding into the self-ligating conformation. The inhibitory 
sequences are designed so that they hybridize more strongly to the target than to the 
ribozyme. Thus, binding to the target displaces the inhibitory RNA sequence, and the 
ribozyme recovers its active conformation. 
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[0025] These Lasso libraries are exposed to mRNA targets. The resulting strong 

Lasso-target complexes are isolated, and the circularized Lasso molecules are selectively 
amplified by RT-PCR using specially designed primers (Figure 7b). The resulting PGR 
products are used as templates for transcription of RNA Lassos for another round of 
target binding and selection (see Figure 7c for schematic). After several rounds, the 
DNA templates are cloned and sequenced. The selected RNA Lassos sequences are re- 
synthesized and tested for their ability to tightly and specifically bind the target in vitro, 
and inhibit translation in both in vitro extracts and in cultured cells. In this way, 
optimized Lassos are selected in an automatic and straightforward manner and sold as 
agents for target validation and gene function analysis, antiviral, antibacterial, and gene- 
therapy drugs. 

[0026] Above, the method to select optimal lassos from a fixed hairpin ribozyme 

domain and semi-randomized antisense sequences and inhibitory sequences has been 
described. Our selection and amplification scheme (Figure 7c) combining rolling-circle 
amplification with reverse transcription and polymerase chain reaction (RCA-RT-PCR) is 
universal enough to expand the initial pools of molecules for selection to increase 
diversity by either partially or fully randomizing any one or more of the three loop 
regions of the hairpin ribozyme (Figure 2). Since any one of the loops 1-3 (Figure 2) 
can be used for introduction of additional or modified nucleotides without appreciable 
perturbation of the catalytically-active structure of HPR (Feldstein & Bruening, 1993; 
Komatsu et al., 1994; Berzal-Herranz & Burke, 1997; Kisich et ah, 1999; Fedor, 2000), 
many permutations of Lasso design can be selected using the RCA-RT-PCR scheme. In 
each case, the Lasso region comprising antisense (or triplex-forming) sequence can be 
partially randomized (e.g. with a gene-specific directed library) or fully randomized. In 
addition, the region comprising internal competitive ("inhibitory 11 ) sequence that is 
partially complementary to the antisense (or triplex-forming) sequence can be also fully 
or partially randomized. Catalytically non-essential residues in the hairpin ribozyme 
domain can also be partially (semi-random) or fully randomized (random) to increase the 
initial pool of the Lasso sequence libraries. Below is a partial list of the suggested 
combinations of partial/fully randomized sequences that can be used to generate an initial 
pool of lassos for selection and amplification by RCA-PCR: 
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• <defmed antisense sequence> with <semi-random internal inhibitory sequence>; 

• <defined antisense sequence> with < random internal inhibitory sequence>; 

• <semi-random antisense sequence> with <semi-random internal inhibitory 
sequence>; 

• <semi-random antisense sequence> with < random internal inhibitory sequence>; 

• < random antisense sequence> with <semi-random internal inhibitory sequence>; 

• <random antisense sequence> with < random internal inhibitory sequence>; 

• <semi-random HPR sequence> with <semi-random antisense sequence> with 
<semi- inhibitory sequence>; 

• <semi-random HPR sequence> with <semi-random antisense sequence> with 
<random internal inhibitory sequence>; 

• <semi-random HPR sequence> with <random antisense sequence> with <serni- 
random inhibitory sequence>; 

• <semi-random HPR sequence> with <random antisense sequence> with <random 
. inhibitory sequencO. 

(0027] Selections with an increased amount of randomized nucleotides in each of 

the above-mentioned regions can result in an unpredicted, but optimally effective 
molecular mechanism of allosteric regulation of the Lasso. In each case, the pool of 
Lassos is incubated with target RNA (or DNA) and Lassos that can circularize in a target- 
dependent manner are selectively amplified by RCA-RT-PCR as described above. If 
necessary, fine-tuning of selected sequences can be performed after the selection 
procedure to further optimize an efficacy of the selected sequences. This may or may not 
include substitution of individual residues with modified nucleotides if necessary. These 
modifications include but are not limited by known in art derivatives of nucleobases, 
sugar residues and internucleotide bonds. 

[0028] In addition, sequences in the hairpin ribozyme core domain (i.e. 

catalytically essential residues) could be altered in a way to improve the efficacy of the 
cleavage and ligation reactions. 
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Major RNA Lasso Features: 

• Strong complexes of antisense agents with polynucleotide targets can efficiently 
inhibit gene expression. 

• Topological linkage enhances stability of polynucleotide complexes. 

• RNA Lasso sequence encodes antisense-ribozyme that does not cleave target but 
can: cut Lasso out of longer transcript; convert open linear Lasso to closed 
circular form. 

• Lasso circularization around target creates topological linkage. 

• Target-dependent circularization of Lassos can optimize formation of the 
topological linkage. 

• Design of allosterically regulated ribozyme domain should allow the Lasso 
circularization only after, and as result of, Lasso-target hybridization. 

• Use of partially randomized Lasso sequences and SELEX schemes based on the 
Lasso circularization allows simultaneous selection of optimal target sites and 
Lasso sequence variants. 

• Use of gene-specific directed libraries incorporated into Lasso structure makes the 
selection experiments more cost- and time-effective than use of completely 
randomized sequences. 

DESCRIPTION OF THE DRAWINGS 

[0029] Figure 1. Schematic presentation of RNA Lassos binding to RNA target 

resulting in formation of a topologically linked complex. 

[0030] Figure 2. Schematic representation of consensus structures of the hairpin 

ribozyme (HPR). HPR is present in the sequence of the minus strand of Tobacco 
ringspot virus satellite RNA (sTRSV). The site-specific RNA cleavage induced by the 
ribozyme generates fragments having 2\3'-cyclic phosphate and 5-OH termini. HPR can 
efficiently ligate those ends and can exist as linear and circular forms that interconvert. 
The internal equilibrium between circular and linear forms depends on the relative 
stability of the cleaved and ligated forms. Dots represent any nucleotide (A, U, G or C), 
dashes represent required pairings, V is 'not U' (A, C, or G), Y is a pyrimidine (U or C), 
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R is a purine (A or G), B is 'not A' (U, C or G), H is 'not G* (A, C or U) (Berzal-Herranz 
& Burke, 1997). 

[0031] Figure 3. Circularized lassos form stronger complexes with target RNA 

than linear Lassos. Complexes were formed at 37°C for 2 hrs. Buffer: 10 mM MgCl 2 > 50 
mM Tris-HCl (pH 8) with or without formamide as indicated. Displacement Procedure: 
Complexes with one volume of loading buffer added have been incubated 2 min at 
temperature indicated followed by ice-cooling before loading in the gel (PAGE: 6% 
PAGE/8M UREA) 

[0032] Figure 4. Putative structure of fully-processed ALR229 shown in 

complex with TNF-a mRNA target. 

[0033] Figure 5. Allosteric regulation of a lasso hairpin ribozyme can be 

achieved by introducing inhibitory internal base pairing sequences that bind to a Lasso 
terminal sequence, preventing self-processing and circularization of the Lasso prior to 
hybridization with the target RNA. 

[0034] Figure 6. Schematic of processing scheme of Lasso hairpin ribozyme 

[0035] Figure 7. Putative structure of ARDL-10N Lasso library containing 

partially randomized ribozyme and inhibitory sequences, and a directed antisense library, 
a) Unprocessed Lasso, (b) Fully processed Lasso with PCR primers aligned to amplify 
the covalently closed circular form exclusively. N represents any nucleotide (A, G, C 
and U). Defined GC sequences in the inhibitory and antisense sequences were preserved 
to decrease the complexity of the library. The GC dinucleotide sequence is present in the 
majority of the potential target sites, and it can be located at any place within these sites, 
(c) Detection and amplification of circularized Lassos by Rolling Circle Amplification 
and PCR. 

[0036] Figure 8. Putative structure of unprocessed ALR229-5N and its 

derivatives, ALR229-5, 229-6, 229-7, 229-8, 229-9 and 229-10 which differ in the length 
of the inhibitory element, respectively having 5, 6, 7, 8, 9 and 10 nucleotides 
complementary to the Lassos antisense domain. The inhibitory sequence includes 5 nt 
immediately adjacent to the ribozyme cleavage/ligation site. ALR229-5N is a library of 
Lassos having all four nucleotides (A, G, C and U) at each of the N positions. 
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[0037] Figure 9. Putative scheme of ALR229-1 0 Lasso self-processing and 

binding to the TNF target. The unprocessed pre-Lasso undergoes a self-cleavage at the 
5'-end. The self-cleavage of its 3'-end is inhibited by an intramolecular base-pairing of 
the 10-nt long inhibitory element with the Lasso's antisense domain. The inhibitory 
sequence includes 5 nt immediately adjacent to the ribozyme cleavage/ligation site. Upon 
binding to the target, this 5-nt sequence will be released that allows the Lasso's 3'-end 
cleavage. The fully processed Lasso, bound to the target, then can undergo 
circularization. 

(0038] Figure 10. Binding of ALR229-5-6-7-8-9-1 0 Lassos with TNF2 (709 nt) 

and TNF-20 (20-nt) target RNAs reveal the allosteric regulation of the Lassos self- 
processing and very strong complex formation with the long target The trace 
amounts of the internally 32 P-labeled Lassos were incubated in 10 mM MgCl 2 / 50 mM 
Tris-Cl (pH 8) for a total of 120 minutes at 37°C, either alone (lanes 1) or with non- 
radioactive 0.4 \xM TNF-20 (lanes 2), or with 0.4 TNF2 (lanes 3-5). Lanes 4 are the 
same as lanes 3 but chased with a 14-fold excess of 20-nt competitor antisense RNA, 
anti-TNF-20 over TNF2. Lane 5 is the same as lane 3 but chased with 7-fold excess of 
competitor sense TNF-20 (20-nt) over TNF2. Samples were analyzed by 6% denaturing 
PAGE. Anti-TNF-20 is identical to the antisense sequence incorporated into the Lassos. 
TNF-20 corresponds to the sequence of TNF-a mRNA targeted by these Lassos. 
Abbreviations: S is PAGE start; LLT are Lasso complexes with the long target (TNF2); 
LST are Lasso complexes with the short target (TNF-20); CL are the circular forms of 
fully-processed Lassos; UPL are unprocessed pre-Lasso transcripts; 5PLare5-end 
semi-processed pre-Lassos; L are fully-processed, linear Lasso. 
[0039] Figure 11. Self-processing of 32 P-in tern ally-labeled allosterically- 

regulated lassos in buffer containing or lacking 20% formamide. Each lasso was 
incubated in either 50 mM Tris-HCl, pH 8, 10 mM MgCl 2 (- lanes) or 50 mM Tris-HCl, 
10 mM MgCl 2 , 20% formamide (vol/vol) (+ lanes) for 120 minutes at 37°C. One volume 
of Loading Buffer containing 90 % formamide, 10 mM EDTA was added to each sample. 
The samples were then loaded onto a 6% PAGE gel containing 8M urea and 0.5X TBE. 
C, circular lasso, UP, unprocessed lasso, HP, Half processed lasso, L, 5' and 3' processed 
linear lasso. 
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[0040] Figure 12. Binding of 32 P-internalIy-labeIed allosteric lassos to 

targetRN A in buffer containing SO mM Tris-Cl, pH8, 10 mM MgCI 2 , 20% 
formamide. Lassos were incubated in the buffer indicated for 120 minutes at 37°C 
either alone (-) or with 1 .4 mM target RNA in excess over lassos (+). One volume of 
Loading Buffer containing 90 % formamide, 10 mM EDTA was added to each sample. 
The samples were then loaded onto a 6% PAGE gel containing 8M urea and 0.5X TBE. 
C, circular lasso, UP, unprocessed lasso, HP, Half processed lasso, L, 5' and 3' processed 
linear lasso. 

[0041 ] Figure 13, Analysis of target-dependent circularization of lassos 229- 

5, -6, -7, -8, -9, and -10. 32 P-internally-labeled allosteric lassos to targetRNA were 
incubated in buffer containing 50 mM Tris-Cl, pH8, 10 mM MgCl 2 , 20% formamide for 
120 minutes at 37°C, either alone or with 1.4 mM target RNA in excess over lassos as 
indicated. Following incubation, one volume of Loading Buffer containing 90 % 
formamide, 10 mM EDTA was added to each sample. Half of the lasso-target complex 
sample was heated at 90°C for two minutes followed by immediate transfer to ice. The 
samples were then loaded onto a 6% PAGE gel containing 8M urea and 0.5X TBE. C, 
circular lasso, UP, unprocessed lasso, HP, Half-processed lasso, L, 5' and 3' processed 
linear lasso. 

[0042] Figure 14. Sequences and secondary structures of allostericaily 

regulated lasso 229-7 and its derivatives. 

[0043] Figure 15. Analysis of target-dependent circularization of 229-7 series 

of allostericaily regulated lassos. 32 P-internally-labeled allosteric lassos to targetRNA 
were incubated in buffer containing 50 mM Tris-Cl, pH8, 10 mM MgCl 2 , 20% 
formamide for 120 minutes at 37°C, either alone or with 1.4 mM target RNA in excess 
over lassos as indicated. Following incubation, one volume of Loading Buffer containing 
90 % formamide, 10 mM EDTA was added to each sample. Half of the lasso-target 
complex sample was heated at 90°C for two minutes followed by immediate transfer to 
ice. The samples were then loaded onto a 6% PAGE gel containing 8M urea and 0.5X 
TBE. C, circular lasso, UP, unprocessed lasso, HP, Half-processed lasso, L, 5* and 3* 
processed linear lasso. 
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[0044] Figure 16. All samples were incubate in buffer containing 50 mM 

Tris-HCl, pH8, 10 mM MgC12, with or without formamide as indicated. 
10045] a Lasso only (no target), b Lasso + target (LT-complex) incubated 

37°C 120*. c LT-complex incubated 90°C 2', immediately to ice before loading. The 
samples were then loaded onto a 6% PAGE gel containing 8M urea and 0.5X TBE. C, 
circular lasso, UP, unprocessed lasso, HP, Half processed lasso, L, 5' and 3' processed 
linear lasso. 

[0046] Figure 17 Lasso-target complex formation and target-dependent 

circularization comparison between standard buffer and physiological buffer. 32 P- 
internally-labeled allosteric lassos were incubated in the buffer indicated for 120 minutes 
at 37°C either alone (-) or with 1 .4 uM cold target RNA in excess over lassos (+). One 
volume of Loading Buffer containing 90 % formamide, 10 mM EDTA was added to each 
sample. Half of the lasso-target complex sample was heated at 90°C for two minutes 
followed by immediate transfer to ice. The samples were then loaded onto a 6% PAGE 
gel containing 8M urea and 0.5X TBE. C, circular lasso, UP, unprocessed lasso, HP, Half 
processed lasso, L, 5' and 3* processed linear lasso. 

[0047] Figure 18. Designed allosterically regulated lassos with antisense 

target sequence to nucleotides 562-583 of murine TNFCL 

[00481 Figure 19. Target binding and target-dependent circularization for 

ALR-562 series lassos. For each lasso in series, Lane 1 is lasso only incubated at 37°C 
for 120 min., Lane 2 is lasso + TT-280 RNA incubated at 37°C for 120 min., and lane 3 
is same as lane 2, but incubated for an additional 2 min. at 95°C and place immediately 
on ice prior to loading. C, circular lasso, UP, unprocessed lasso, HP, Half processed 
lasso, L, 5' and 3' processed linear lasso. 

DESCRIPTION OF THE EXPERIMENTAL DESIGN. METHODS OF 

PREPARATION AND USE THEREAFTER OF RNA LASSOS 

[0049] To improve efficacy of lasso interaction with target RNA and 

circularization thereby creating a topological link between lasso and target, we have 

developed a method to make the lasso circularize only after it binds to target RNA using 

a unique design of allosteric regulation. It was found that for previously characterized 

RNA Lassos (formerly known as RNA padlocks), the unprocessed and semi-processed 
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forms hybridized to target RNA faster than the inter-converting linear and circular forms 
of the fully processed Lasso. The circular and linear forms of hairpin ribozymes are 
known to have similar structures, such that the 5'- and 3' ends of the RNA are actually in 
close spatial proximity and are stabilized by multiple hydrogen bonds within the catalytic 
core. Therefore, we decided to develop improved Lassos that would be maintained 
primarily in the linear form until they hybridize to the target, and would then circularize 
around the target. 

(0050] To make the Lasso processing and ligation target-dependent, we employed 

allosteric regulation by introducing an inhibitory oligonucleotide sequence 
complementary (typically, 5 to 10 nucleotides in length) to the hairpin ribozyme domain 
and to the target sequence. A series of allosterically regulated lassos was designed and 
synthesized to target the 229-249 region of murine TNFa (Fig. 7). The presence of this 
inhibitory sequence suppresses the catalytic activity of the RNA in the absence of the 
target. Upon binding of the Lasso to the target, the catalytic domain is unmasked and 
becomes active both as a nuclease and ligase. 

[0051] For further improvement of Lasso efficacy, we designed and optimized an 

allosterically regulated lasso based on ALR229 that would circularize in a target 
dependent manner. First, we modified the structure of hairpin ribozyme core (see Figs. 4 
and 8) according to Esteban et al. (1997) to make it more efficient in self-processing. 
Second, we prepared six Lasso derivatives (ALR229-5, 229-6, 229-7, 229-8, 229-9 and 
229-10) that were different in the length of the inhibitory elements (i.e. having 5, 6, 7. 8, 

9 and 10 nucleotides complementary to the Lasso antisense domain) (Fig. 8). All of 
these inhibitory sequences include 5 nucleotides immediately adjacent to the ribozyme 
cleavage/ligation site. The longer the complementarity between the inhibitory element 
and the Lasso's antisense domain, the stronger the internal inhibition of the 
circularization prior the target binding. Upon binding to the TNF target, the substrate 
sequence could be released and Lasso circularized as schematically shown for ALR229- 

10 in Fig. 9. 

(0052] The Lassos were constructed using 4 overlapping DNA oligonucleotides. 

Briefly, 2 overlapping, internal oligos are annealed and overhangs are filled in by Klenow 
extension. The other 2 primers are used to amplify the rest of the sequence by PCR. 
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The Lassos are then in vitro transcribed using T7 RNA polymerase and desalted over a 
G50 micro-spin column. 

[0053] Detailed example of Lasso 229-7 synthesis is described below. Two 

partially complementary overlapping oligonucleotides (all oligonucleotide sequences are 
shown in 5'-3' direction): 

CGTCCGTATGACGAGAGAAGCTGACCAGAGAAACACACGACGTAAGTCGTG 
GTACATTACCTGGTAACAGAGGC (74 nt) 

TGTTGTTGTTGTTGTTGTTGTGCCTATGTCTCAGCCTCTGTTACCAGGTAATGT 
ACCACGACTTACGTC (69 nt) 

are annealed at 80°C for 5 minutes and allowing to slowly cool to room temperature over 
the course of an hour. The oligos are then filled in by Klenow extension to create a 
completely double stranded template. Primers to amplify this sequence using PCR and 
add on a T7 promoter sequence are as follows: 

TAATACGACTCACTATAGGGCAGCCGTCCTCGTCCGTATGACGAGAGAAGC 
(51 nt) and TATGACGAGGACGGCTGAGTGTTGTTGTTGTTGTTGTTGTTGTGC 
(45 nt). The PCR product is gel purified on an agarose gel This gel-purified fragment is 
used as a template for in vitro run off transcription by standard methods. 32 P is internally 
incorporated in the transcribed lassos using [ 32 P-a]CTP in the transcription mixture. The 
transcription reaction is desalted on a Sephadex G-50 spin column and stored at -20°C 
until further use. 

[0054] Lassos ALR229-5-6-7-8-9-10 were transcribed from DNA templates and 

tested in binding experiments with the long TT-RNA target (671 nt) as well as with the 
short TNF-20 RNA comprising just 20-nt of target TNF sequence (Fig, 10). As expected 
the Lasso transcripts (pre-Lassos) underwent self-cleavage at their 5'-ends during 
transcription, whereas the cleavage of their 3-ends was inhibited (see Fig. 9). 
Interestingly, ALR229-9 and ALR229-10 self-cleave their 5 f -ends less efficiently (during 
both transcription and incubation in the presence of TNF2, but not if incubated alone or 
in the presence of TNF-20) than the other Lassos. We found that inhibition increased 
with increasing length of the inhibitory elements (Fig. 10, lanes 1). We demonstrated 
that Lassos ALR229-6-7-8-9-10 indeed underwent allosteric regulation upon binding to 
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the target sequence. The target binding allowed the ribozyme to complete self- 
processing, yielding fully processed linear Lassos (Fig. 10, lanes 2). 
[0055] Typical binding assays were performed using internally radiolabeled 

lassos are incubate with excess of target RNA at 37°C, 120 minutes in one of three 
buffers: (i) 50 mM Tris-HCl, pH8, 10 mM MgCl 2 ; (ii) 50 mM Tris-HCl, pH8, 10 mM 
MgCl 2 ,, 20% formamide volume/volume; (iii) 20 mM HEPES, pH 7.3, 140 mM KC1, 10 
mM NaCl, ImM MgCl 2 , ImM CaCl 2 . One volume of loading buffer is added containing 
90 % formamide, 10 mM EDTA, 0.01% bromophenol blue, 0.01% xylene cyanol. 
Samples are loaded on 6% PAGE/8M urea/0.5x TBE gels and are electrophoresed at 1 1 
Watts for approximately two hours. The gel is dried and either directly scanned by 
phosphorimager or exposed to X-ray film. 

Monitoring target-dependent circularization: 

[0056] An aliquot of the lasso-target complex is heated in loading buffer for 2 

minutes at 90°C and then place immediately on ice to prevent complex re-hybridization 
prior to loading on a denaturing gel. 

[0057] We showed that the ALR229-5 -6-7-8 Lassos bound the long target 

stronger and more efficiently than the short one, and also that the Lasso-TNF2 complexes 
were more stable than Lasso-TNF-20 under the conditions of denaturing PAGE (Fig. 10, 
lanes 2-3). Overall, ALR229-6-7-8 Lassos were the most effective at target binding. The 
superior stabilities of the Lasso-TT-RNA complexes were also confirmed by chase 
experiments. We found that short sense or antisense RNAs, (identical or complementary 
to the TNF-a target site) could not displace the long target fiom the Lasso-TNF2 
complexes (Fig. 10, lanes 4-5). We think that the increased stability of Lasso-TT-RNA 
complexes is a result of an interlocking between the two RNA secondary structures still 
present in TT-RNA (but not in TNF-20) even in the denaturing gel conditions. 

Effect of 20% formamide in lasso self-processing and target binding ability. 
[0058] The effect of 20% formamide on the efficiency of lasso processing and 

target-binding reaction was tested (Figs. 11 and 12), Although there was a dramatic 
effect on the self-processing of the lasso when lasso was incubated in the binding buffer 
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(Figure 11), inclusion of formamide in the binding reaction did not improve the ability of 
the lasso to gel-shift TT-RNA (Figure 12). Inclusion of formamide in the incubation 
buffer, resulted in the conversion of unprocessed lasso to either half-processed or fully 
processed forms (Figure 11). In general, for the lassos with shorter regulatory elements 
such as 229-5, the conversion to linear form occurs even when target is not present. 
However, lassos 229-9 and 229-10 still are unable to be gel-shifted by TT-RNA, 
consistent with previous results where formamide was not included in the incubation 
buffer. 

Assay for target dependent circularization 

[0059] By displacing Lassos bound to TT-RNA using highly denaturing 

conditions (60% formamide/10 mM EDTA, 95°C), we detected the circularization of 
ALR229-7-8-9 Lassos induced by target binding. 

[0060] Lasso-target complexes are dissociated if exposed to 95 °C for 2 minutes 

after addition of 1 volume of formamide loading dye, containing 90% formamide, 10 mM 
EDTA, followed by transfer to ice. Once dissociated the lasso species present before and 
after incubation with target RNA can be analyzed by denaturing PAGE. This was done 
for Lassos 229-5 through 229-10. Lassos 229-7, 229-8, and 229-9 show an accumulation 
of circular Lasso species that was not present when the Lasso was incubated without 
target. 229-5 and 229-6 show some circular species before incubation with target and 
do not show allosteric regulation. After heat treatment, circular form remains, but not 
more than was originally present. As mentioned previously, 229-10 does not form 
complex with target RNA. (Figure 13) 

Optimization of the 3'-end of Lassos. 

[0061] To test the effect of extended complementarity of the 3 '-end to helix 1 of 

the HPR domain of the allosterically regulated lassos, a series of lassos were designed 
with altered 3'-ends (229-7(0-5)) (Figure 14). I have assayed 229-7(0-5) lassos for 
ability to bind to target RNA and for circularization upon complex formation (Figure 
15). All of the lassos were able to bind to target TT-RNA efficiently, but the amount of 
circularization upon target binding decreased as the length of the complementarity of the 
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3'-end of the lasso increased. Lassos 229-7(0,1 , and 2) show an improvement in the 
amount of lasso that has circularized after being incubated with TT-RNA than the 
original 229-7(3). Figure 16 shows a comparison between lassos 229-7(0) and 229-7(3) 
in buffer containing or lacking 20% formamide. Circular RN A is produced even under 
the more denaturing conditions. Decreasing the length of the complementarity of the 
3'end of the lasso does promote a higher level of circularization. 

"Physiological" buffer studies 

100621 I have tested the interaction between lasso and target under buffer 

conditions that are considered to be more physiologically relevant than our standard 
buffer conditions (50 mM Tris-Cl pH8, 10 mM MgCl 2 , 20% formamide). The more 
physiological buffer tested is a buffer that contains 20 mM HEPES, pH 7.3, 140 mM 
KC1, 10 mM NaCl, ImM MgCl 2 , ImM CaCl 2 . Under these conditions, lassos 229-5b and 
229-7(0) bind efficiently to target TT-RNA and show similar amounts of circularization 
after incubation at 37°C for 120 minutes and subsequent complex displacement by 95°C 
treatment as is observed for the standard buffer (Figure 17). Circularization of 229-7(0) 
after incubation with the target RNA demonstrates that the lasso is able to ligate in 
conditions with low divalent cation concentration. It should be noted that for the 
allosterically regulated lasso 229-7(0), circularization is completely dependent on the 
presence of target whereas for the non-allosterically regulated lasso 229-5b, 
circularization occurs in the absence of target RNA. 

Lassos directed at alternate target sites 

[0063] A series of lassos that are allosterically regulated was designed to target 

the TNF 562-583 sequence, the same target sequence used in the original ATR1 lasso. 
The inhibitory sequences in these lassos ranges between 7 and 10 base pairs (Figure 18). 
The lassos were assayed for target binding and target dependent circularization (Figure 
19). All of these new lassos circularize when incubated with target RNA, and all bind to 
target RNA strongly. Curiously, 562-2 (7 basepair) is more allosterically regulated than 
ALR-562-1 lasso even though it has two fewer potential base pairs. 
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[0064] 562-2, which has a 7 basepair masking sequence, is interesting because it 

circularizes very efficiently only when incubated with target RNA. However, the 
mechanism of allosteric regulation is different than other allosterically regulated lassos 
because it almost fully processes to linear (5* and 3* processed) upon incubation in 
standard buffer without target. The equilibrium of the lasso processing is such that the 3'- 
end is able to process efficiently but ligation does not occur until the lasso is incubated 
with the target RNA. Therefore, different allosteric regulation mechanisms are possible 
although the design of the inhibitory element is the same. 

Selection of the optimized Lasso from the partially randomized libraries. 
[0065] We developed a method for detecting and amplifying only Lassos in their 

covalently ligated circular form. To detect the circularization of Lasso RNAs, we design 
and order primers for RT-PCR (similar to shown in Fig. 7b) that will amplify only the 
circular Lassos. 

[0066] Primer 1 is designed to be complementary to the 5 f -end of the 5 f -processed 

Lasso. In the reverse transcription (RT) reaction, Primer 1 selectively extends only 
circular Lassos, yielding single-stranded DNA multimers of the Lasso sequence (rolling 
circle amplification, RCA) under the conditions described by Seyhan et al. (2002). One or 
two additional primers (Primer 2 and Primer 3) are used to amplify the RCA product by 
PCR and to restore the T7 promoter sequence at the Lassos 3* -end so that the products 
may be transcribed in vitro. Since this PCR reaction sometimes yields multiple products, 
the DNA fragment corresponding to the monomer Lasso sequence is gel-purified, and 
then re-amplified by PCR. The resulting DNA template is used for transcription of 
selected Lasso RNAs. 

[0067] The internally 32 P-labeled Lasso RNAs are incubated at 37°C with TNF2 

target (709-nt fragment of TNF mRNA) in buffer containing 50 mM Tris-Cl (pH 7.5) / 10 
mM MgCl 2 /20% formamide (standard binding conditions). The resulting complex is 
isolated by denaturing PAGE. The band corresponding to the Lasso-target complex is 
localized on the gel by autoradiography, then excised and eluted. The eluted Lasso caught 
on the target is then amplified by RT-PCR exactly as described above. 
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Synthesis of a small Lasso library comprising a rationally designed hairpin 
ribozyme domain, a randomized inhibitory element and a defined antisense 
sequence. 

[0068] A mini-library is synthesized of ALR229-5N Lassos (Fig. 8), which 

contain the rationally designed hairpin ribozyme domain, a defined antisense sequence 
and a hemi-random inhibitory element. DNA templates for the mini-library transcription 
are prepared using four DNA primers. First, two overhanging primers that code for the 
internal Lasso region are annealed and extended by DNA Polymerase I (Klenow 
fragment). Two additional primers that include the flanking Lasso sequences are used to 
extend and amplify the resulting DNA template by PCR. The prepared Lasso DNA 
library, containing a 5 bp randomized region, is then transcribed into the Lasso RNA 
library. Lasso RNAs are desalted by gel-filtration (on a G-50 micro-spin column) and 
incubated with TNF2. The Lasso-target complexes are isolated, and the circularized 
Lasso RNAs are passed through several rounds of selection as described above. After the 
last round of selection, 20 resulting DNA fragments are cloned and sequenced. The 
obtained sequences are compared to the related sequences of ALR229-5-6-7-8-9-10 and 
statistically analyzed. 

Design and preparation of a Lasso DNA cassette to encode a Lasso RNA library. 

Design the sequence of the RNA Lasso scaffold to contain a partially randomized hairpin 
ribozyme domain, a randomized inhibitory element to select for target-dependent 
circularization, and directed antisense sequences. 

[0069] Using the 229-5N Lasso mini- library as a scaffold, we design an RNA 

Lasso Library comprising partially randomized ribozyme and inhibitory sequences, and a 
directed antisense library (Fig. 7a). Restriction sites (Xhol and BamHI) flank either side 
of a 20-nucleotide antisense cassette sequence, which is supplied by the directed library. 
The Lasso contains a 10 nucleotide randomized region downstream of the BamHI site 
and loop, which constitutes the variable allosteric regulatory element that is optimized 
through iterative rounds of selection and amplification. The S'-end of the ribozyme core 
is also partially randomized to allow for proper processing of the 3'-end of the Lasso 
molecules induced by the binding to the target. Throughout the Lasso, nucleotides 
essential to hairpin ribozyme activity (see Fig. 2) have been preserved. 
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[00701 Based on the structure of the RNA Lasso library, we design and synthesize 

the DNA library cassette encoding the ribozyme, inhibitory sequences, and the restriction 
sites allowing the insertion of the directed antisense libraries in desirable orientation. 
This DNA library cassette is prepared in two halves to prevent PCR amplification of 
cassettes without the directed library insert. The first half contains the T7 promoter 
sequence, the hairpin ribozyme domain, and the Xhol restriction site. The second half 
includes the BamHI site, the inhibitory element and the 3'-end of the lasso. Each 
template segment contains an arbitrary sequence adjacent to the restriction sites to enable 
efficient digestion. 

10071J Preparation of directed DNA libraries encoding up to 20-nt-long 

sequences complementary to TNF-a, flanked by restriction sites to allow insertion into 
the DNA library cassette, using Somagenics* proprietary methods for preparing directed 
antisense libraries as follows. Design and prepare two hemi-random probes consisting of 
a defined sequence (PCR primer and restriction site sequences) and 10-nt randomized 
regions. Hybridize the hemi-random probes to TNF-a cDNA and ligate the adjacent 
probes with DNA ligase. Amplify the ligation products by PCR, followed by digestion 
them with the appropriate restriction enzymes. 

[00721 The target cDNA, comprising the sequence of target mRNA, is prepared 

using plasmid PGEM-4/TNF, encoding MuTNF-a, by asymmetric PCR with an 
unmodified primer. Alternatively, regular exponential PCR with biotinylated primer can 
be used with subsequent ccDNA strands separation on streptavidin magnetic beads 
Dynabeads M-280 Streptavidin Pynal, 20001). On the first step the dsDNA will be 
immobilized on the beads due to biotin-streptavidin binding. The mixture is then be 
heated to separate the DNA chains: non-biotinylated one appear in the flow-through, 
while the biotinylated remain attached to the beads. 

[0073J Two hemi-random DNA probes are designed and synthesized, comprising 

sequences of the defined PCR primer (20 nt) and restriction sites, Xho I & Bam HI (6 nt), 
with a randomized region (10 nt). Also, masking oligonucleotides that are 
complementary to the constant regions of the probes are prepared. The hemi-random 
probes (with constant regions protected with masking oligos) are hybridized to TNF-a 
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cDNA and the adjacent probes are ligated by T4 DNA ligase at 25-40°C as described by 
Kazakov et al (2002). The ligated probes are amplified by PCR using specific primers. 
[0074] The Lasso DNA library cassettes are digested with appropriate restriction 

enzymes, and ligated with the digested directed antisense library. Amplify the ligated 
product by PCR and transcribe the RNA Lasso library. 

[0075] To combine the directed library with the DLC halves, two halves of the 

DNA library cassette and the directed library species are digested with the appropriate 
restriction enzymes to generate cohesive ends. The digested products are gel-purified 
and ligated by DNA Ligase. The ligated product is PCR-amplified using primers that are 
specific to the full-length ligated product. The amplified DNA molecules are gel-purified 
and used as templates for transcription of the Lasso RNA Library schematically presented 
in Fig. 7b. 

Selection of the RNA Lassos best able to quickly bind and form topological links 
with specific targets. 

[0076] Incubate Lasso RNA libraries with target, isolate complexes on affinity 

columns, selectively-amplify circularized Lassos within complexes, and transcribe RNA 
from the PCR products. After several additional rounds of selection, surviving members 
of the library are cloned, sequenced, re-synthesized and tested in the binding assays 
[0077] The RNA Lasso libraries are incubated with the target TNF-a mRNA. The 

resulting complex is isolated using biotinylated ccDNA complementary to TNF-a mRNA 
immobilized on streptavidin-coated magnetic beads as described previously (Deyev et al., 
1984; Stiege et al., 1988; Dynal, 2000). To prevent enrichment of unrelated RNAs (false- 
positive) that can non-specifically bind beads and undergo self-circularization in a target- 
independent manner, we perform a counter-selection with the blank magnetic beads or 
non-specific RNA target (e.g., biotinylated IL-1 ccDNA). After a brief incubation, the 
beads are washed intensively to remove non-bound and non-specifically bound 
molecules. Then Lassos specifically bound to the target RNA are eluted (see Figure 20). 
[0078] The eluted Lassos caught on the TNF target are amplified by RT-PCR as 

described above. If amplification proves difficult on the Lasso-target complex, then the 
Lasso-target complex is dissociated prior to primer extension under highly denaturing 
conditions that retain the integrity of circularized Lasso. After the first round of 
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selection, the Lasso DNA library is transcribed into the Lasso RNA library. Lasso RNAs 
are desalted by gel-filtration (on a G-50 micro-spin column) and incubated again with the 
target TNF-a mRNA. The Lasso-target complexes are isolated as described above, and 
the circularized Lasso RNAs are passed through several additional rounds of selection. 
[0079] After the last round of selection, around 50- 1 00 resulting DNA fragments 

are cloned and sequenced. The obtained sequences are assigned to the TNF target 
sequences and statistically analyzed. 

[0080] These selected, individual RNA Lassos are transcribed and tested in 

binding (kinetics, affinity) experiments. Each selected Lasso is incubated with TNF 
target under standard binding conditions. The strong complexes are identified by 
analysis on denaturing PAGE. 
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